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Abstract. Crimean-Congo hemorrhagic fever (CCHF) is a 
vector-borne viral disease, widely distributed in different 
regions of the world. The fever is caused by the CCHF 
virus (CCHFV), which belongs to the Nairovirus genus 
and Bunyaviridae family. The virus is clustered in seven 
genotypes, which are Africa-1, Africa-2, Africa-3, Europe-1, 
Europe-2, Asia-1 and Asia-2. The virus is highly pathogenic in 
nature, easily transmissible and has a high case fatality rate of 
10-40%. The reservoir and vector of CCHFV are the ticks of 
the Hyalomma genus. Therefore, the circulation of this virus 
depends upon the distribution of the ticks. The virus can be 
transmitted from tick to animal, animal to human and human 
to human. The major symptoms include headache, high fever, 
abdominal pain, myalgia, hypotension and flushed face. As the 
disease progresses, severe symptoms start appearing, which 
include petechiae, ecchymosis, epistaxis, bleeding gums 
and emesis. Enzyme-linked immunosorbent assay, quantita-
tive polymerase chain reaction, antigen detection, serum 
neutralization and isolation of the virus by cell culture are 
the diagnostic techniques used for this viral infection. There 
is no specific antiviral therapy available thus far. However, 
ribavirin has been approved by the World Health Organization 
for the treatment of CCHFV infection. Awareness campaigns 
regarding the risk factors and control measures can aid in 

reducing the spread of this disease to a greater extent, particu-
larly in developing countries.
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1. Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a lethal viral 
infection of medical significance. It is widespread throughout 
the world and is most common among tick-borne viral diseases. 
Ticks of the genus Hyalomma are transmission agents of the 
CCHF virus (CCHFV) in humans. The virus is maintained in 
tick species through horizontal and vertical transmission and 
spreads to domestic animals, which further carry the disease 
to humans. Therefore, it is a zoonotic disease (1-4). CCHFV 
evolved 3,100‑3,500 years ago (5). In 1944, the disease was first 
reported in Crimea, and was therefore assigned as Crimean 
hemorrhagic fever. In 1969, the same disease was reported in the 
Congo region, resulting in its current name: ‘Crimean-Congo 
hemorrhagic fever.’ Previous studies have observed that the 
disease is widely distributed in different regions of the world, 
including Africa; Asia; central southern Europe; eastern 
Europe, particularly in the former Soviet Union; throughout the 
Mediterranean; in north-western China; the Middle East; and the 
Indian subcontinent (2,6). Since 2002, the virus has also shown 
its emergence in several countries of the Balkans, leading to 
the concern that CCHF is expanding in its current geographical 
distribution (7). The virus is clustered among seven genotypes; 
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Africa-1, Africa-2, Africa-3, Europe-1, Europe-2, Asia-1 and 
Asia-2. These seven genotypes are characterized on the basis of 
genetic variation in small segments of RNA (8,9). The CCHF is 
severe as it causes serious medical problems and also results in 
fatalities when not treated. The disease can be described mainly 
as the presence of blood in sputum, gums, rectum and urine (10). 
Another cause for concern is that CCHFV is highly pathogenic 
in nature, easily transmissible and has a high case-fatality rate 
of 10-40%. Due to the highly pathogenic nature of CCHFV, 
the culture of the virus is only permitted in biosafety level 
four (BSL-4) and in maximum secured laboratories; there is a 
possible risk of this virus being used as an agent of bioterrorism 
or as biological warfare (7,11-14).

As the virus has a widespread geographical distribution, it 
must be recognized as a global health threat. Pakistan has also 
been experiencing this epidemic disease, covering almost all 
four of the Punjab, Baluchistan, Khyber Pakhtunkhwan (KPK) 
and Sindh provinces. Administering preventive measures is 
urgently required to eradicate the virus from the country, as 
subsequent to poliovirus, CCHFV may become a serious chal-
lenge for the country (15).

In the present review, virology, vector, transmission 
pathway of the virus, risk factors and control measures are 
discussed with regards to the current literature to minimize 
the impact of infection in Pakistan. In additional, the clinical 
symptoms, diagnostic tests and treatment for this epidemic 
disease are briefly described.

2. Virology

CCHFV belongs to the genus Nairovirus and family 
Bunyaviridae (7). The genus Nairovirus contains ~34 tick-borne 
viruses and these are categorized into seven serogroups (16). 
The circulation of CCHFV is dependent upon the distribution 
of ticks, mainly of the Hyalomma genus (1,17). The virus is 
spherical in shape with a diameter of 80-100 nm, the lipid enve-
lope is 5-7 nm thick and glycoprotein spikes are 8-10 nm in 
length (18). The genome consists of single-stranded RNA with 
negative polarity, divided into three segments: Small, medium 
and large segments. These three segments form a complex 
with nucleocapsid proteins to become a ribo-nucleocapsid. 
The virion contains three structural proteins: i) A nucleocapsid 
protein, ii) glycoproteins (Gn and Gc) and iii) a large poly-
peptide protein, which is a virion-associated RNA-dependent 
RNA polymerase with a size of 200 kDa (13,19). The structural 
features of the virus are shown in Fig. 1.

3. Vector

CCHFV is mainly tick borne and is also found in one biting 
midge species (Culicoides spp.). The virus has been isolated 
from two different families of tick: Argasidae (soft ticks) 
and Ixodidae (hard ticks) (20). The transmission cycle runs 
between tick to vertebrate and again to tick. Vertical and 
horizontal transmissions involve tick and domestic/wild-live 
stocks causing them to become viremic without any disease 
symptoms. Migrating birds can easily carry infected ticks and 
act as a source of virus dispersal (21). CCHFV occurrence has 
been reported in >30 species of ticks belonging to different 
genera. Ticks of Hyalomma genus are considered as the major 

vector for human infection; however, in Kazakhstan, the 
Dermatocentor niveus ticks are also considered as vectors (22).

4. Transmission

Transmission can be from person to person, through contact 
with infectious body fluids of the infected person and contact 
with animal blood or products. The life cycle of ticks and 
the transmission pathway of CCHFV is shown in Fig. 2. The 
Hyalomma genus ticks are the reservoirs and vectors of the 
CCHFV. The larvae and nymphs of two-host ticks of this genus 
feed on hares and small birds feeding on the ground, while at 
the adult stage they obtain their nutritional requirements from 
cattle, sheep and certain large mammals. There are certain other 
Hyalomma species, which are three-host ticks as they drop off 
their host following each molt (3). Another factor responsible for 
the transmission of CCHF is the migration of infected livestock 
populations from infected areas to new areas (23).

Vertical transmission. While shifting from larva to the adult 
stage during metamorphosis, tick vectors support the replica-
tion of the virus present inside their body tissues. Following 
this, the virus is transmitted to eggs and adult females from 

Figure 1. Crimean-Congo hemorrhagic fever virus structure.

Figure 2. Life cycle of the tick and transmission pathway of Crimean-Congo 
hemorrhagic fever virus (CCHFV). Subsequent to hatching, larvae find a small 
animal as its host for its blood meal. Following engorgement, molting of the 
nymph into an adult occurs and they drop off from their host. Following this, 
these adult ticks find a large animal for feeding, and mate while attached to 
their host. CCHFV is transmitted from infected ticks and animals to humans, 
and from humans to humans in hospitals (nosocomial transmission).
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adult females and adult males, respectively (24-27). In the 
mid-gut lining of the tick, the virus replicates and finally 
disseminates to different body tissues, for example, repro-
ductive organs and salivary glands (28). Therefore, through 
transovarian transmission, thousands of infected eggs are 
being produced, which are sufficient enough to maintain a 
large population of infected ticks (29).

Horizontal transmission. During the summer and spring 
months (June-October), the spread of CCHFV between ticks 
and animals is higher when larvae and nymphs develop into 
the adult form by taking the blood meal for their growth. A 
bite of the infected tick to their host, i.e., small vertebrates, 
results in transmission of the virus from the tick to their host, 
and subsequently, healthy ticks feeding on the same host 
followed by virus replication in host tissue and its circulation 
in the bloodstream. Previous studies have revealed that all the 
mammals are not susceptible to infection by CCHFV (27,30).

Non‑viremic transmission. This is another type of viral 
transmission that does not require an animal to be viremic, 
but directly transfer from the infected to healthy ticks feeding 
together. During co-feeding, viral substances present in the 
saliva of ticks accelerate the viral transmission (31-33).

Transmission to birds. Birds are commonly resistant to 
becoming viremic. No specific antibodies are detected in 
37 different species of birds infected with the virus, as CCHFV 
do not rely on birds as a host for its replication (34).

Transmission to humans. Humans are considered as the 
dead-end host of CCHFV. CCHFV infection is most common 
in rural areas where exposure to ticks is high and people 
become infected when bitten by infected ticks. Physical contact 
with infected bodily fluids or blood can transmit the virus from 
person to person within 7-10 days of illness. Transmission can 
also occur by contact with infected animal blood. This type of 
transmission is extremely common in butchers' shops (3).

5. Clinical symptoms

There are mainly four different phases that are involved in the 
infection of the CCHFV: Incubation period (non-symptomatic 
phase), pre-hemorrhagic, hemorrhagic and convalescent (symp-
tomatic phases). The incubation period lasts from 3-7 days of 
infection. The disease starts with the pre-hemorrhagic period 
for 4-5 days. The major symptoms include headache, high fever, 
abdominal pain, myalgia, hypotension and flushed face (10). 
As the disease progresses, severe symptoms starts appearing 
including petechiae (red spots on skin), ecchymosis (extrava-
sation of blood), epistaxis (nose bleeding), gum bleeding and 
emesis (35-37). Nausea, diarrhea, emesis, neuropsychiatric 
and cardiovascular changes can be additional symptoms (20). 
When the disease is not treated, patients may succumb due to 
multiorgan failure. The convalescent period begins in survi-
vors after 10-20 days of illness (16). Full recovery can take a 
complete year in survivors of CCHF (1).

6. Scenario of CCHF in Pakistan

Due to its name, there is confusion surrounding the preva-
lance of the virus outside of the Congo; however, it has been 

reported in Pakistan and the ‘Congo virus is a reality in the 
country’, as stated by Dr Muhammad Najeeb Khan Durrani, a 
Senior Surveillance Coordinator of Communicable Diseases 
in Islamabad (38). In Pakistan, the virus was first isolated 
from the Hyalomma tick species in 1960 (39). Since then, 
sporadic cases and repeated outbreaks have been observed 
mainly in people who deal with livestock (40). The most 
prevalent genotype of CCHFV in Pakistan is Asia-1; however, 
in Baluchistan the Asia-1 and Asia-2 genotypes have been 
reported (8). In 1976, at a general hospital of Rawalpindi, 
a person suffering from abdominal pain and hematemesis 
(blood vomiting) was reported to be the first case of CCHF 
in Pakistan (41,42). According to published studies of CCHF 
between 1976 and 2000, there were 23 cases of CCHF in 
Pakistan with a case fatality rate of 39% (12,43). From 2000, 
a significant increase in CCHF cases was observed, with 
50-60 cases reported annually. In general, there is usually 
a biannual surge of cases in the country appearing in June 
and October, at its peak in association with the life cycle of 
the tick (44). The country experienced an outbreak of CCHF 
in 2012 when there were 61 suspected cases with 17 fatalities 
and a 27.8% case-fatality rate. The disease was mainly preva-
lent in the province of Baluchistan; however, cases were also 
reported in Sindh, KPK and Punjab (45). Another outbreak 
of the virus was reported on September 7, 2013 in Haripur 
when four butchers succumbed due to working with the meat 
of an infected sheep (38). In 2014, confirmation of the virus 
in Baluchistan triggered a further requirement to improve 
the management of the virus (46). The annual suspected 

Figure 3. Annually reported cases of Crimean-Congo hemorrhagic fever and 
resulting deaths in Pakistan.

Figure 4. Annual case fatality rate (%) of Crimean-Congo hemorrhagic fever 
in Pakistan. 
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cases and the case fatality rate are shown in Figs. 3 and 4, 
respectively.

7. Risk factors

The virus can be transmitted from person to person through 
contact with animal blood or products, contact with infectious 
body fluids of an infected person and by handling the infected 
ticks (47). The areas outside the range of tick distribution are at 
little or no risk of exposure to ticks. Crushing and rubbing the 
infected tick on skin or slaughtering the infected animal is also 
one of the main risk factors towards the exposure of CCHFV. 
Another well-documented risk factor is nosocomial infection. 
This is most common among health care workers, particularly 
during the hemorrhagic period of the disease (48,49). As previ-
ously reported, this factor was exemplified in January 1976, 
when at Central Government Hospital Rawalpindi (Pakistan), 
a nosocomial incident occurred (10,43), in which the infec-
tion was transmitted from a shepherd to a female physician, 
a surgeon, an assistant surgeon and other health workers. In 
South Africa at the Tygerberg Hospital, another nosocomial 
outbreak occurred in which 33% of the health workers devel-
oped CCHF by accidental contact with the patient through a 
needle prick, and 8.7% were infected through contact with the 
blood or other body fluids of the patient. Droplet‑respiratory 
route of infection is also counted as one of the risk factors 
of CCHF (13). This is supported by several cases of labora-
tory-acquired CCHF in Africa. Laboratory personnel dealing 
with viral samples are also highly likely to develop the disease, 
as supported by numerous cases of CCHF acquired from a 
laboratory in Africa (50). For all these reasons, CCHFV has 
been characterized as a BSL-4 pathogen in the United States 
by the Center for Disease Control and Prevention (51).

8. Control measures

As the life cycle of the tick remains unnoticed in animals, 
control of CCHF infection in animals and ticks is difficult. 
The infection is not usually apparent in animals, and only 
viremia occurs (20). There is no vaccine available, the only 
way to reduce the infection is by creating public awareness 
regarding the risk factors of the disease and possible preven-
tive measures, which aid in reducing the exposure to the virus 
and controlling the spread of the disease.

The risk of the tick to human transmission can be mini-
mized by avoiding areas with a high prevalence of ticks and 
undertaking special precautions in the most active season 
of ticks. People who are in high-risk occupations (such as 
butchers, veterinarians and shepherds) should undergo every 
possible measure to avoid exposure to virus-infected ticks 
or virus-contaminated animal blood and other tissues. For 
instance, the use of gloves and minimal exposure of naked skin 
to fresh blood animal and other tissues are effective control 
measures. Similarly, medical workers caring for suspected 
patients of CCHF should adopt standard barrier nursing 
techniques. Unpasteurized milk should not be utilized. Only 
properly cooked food should be consumed, as this kills the 
viruses. Treating the livestock with acaricides is effective 
in decreasing the population of infected ticks. The use of 
commercially available insect repellents, including diethyl 

toluamide on naked skin is also protective against tick bites. 
Clothes should be treated with permethrin spray, as it also 
shields against tick bites (20).

For reducing the risk of animal to human transmis-
sion, quarantine measures should be taken while importing 
animals and they should be treated with pesticides regularly. 
Maintenance of hygienic conditions during slaughtering, 
butchering and culling procedures in slaughterhouses or at 
home is mandatory. Gloves should be worn during the handling 
of meat. Following the slaughter of an animal, the utensils and 
other equipment should be washed prior to reuse (14).

To reduce the risk of human-human transmission, close 
physical contact with the infected person should be avoided. 
Hands should be washed properly and regularly subsequent 
to visiting and caring for ill people (14). In certain developed 
countries, it is recommended that health care workers must use 
high efficiency air respirators (52); however, this practice is not 
feasible in a country such as Pakistan (53). Face shields, safety 
goggles and surgical masks should be used when coming into 
contact with the patient from three feet away (54,55). Isolation 
of the patient and barrier nursing is also recommended.

Disposal of used instruments and equipment, including 
needles, syringes and employing safe burial practices, should 
be implemented (56). Disinfectants, including 2% glutaral-
dehyde and 1% hypochlorite, can inactivate the CCHFV by 
heating at 56˚C for 30 min (16).

9. Diagnostic tests

Diagnosis at an early stage is indispensable to prevent further 
transmission of the infection. There are different tech-
niques for the infection diagnosis, including enzyme-linked 
immunosorbent assay (ELISA), quantitative polymerase 
chain reaction (qPCR), antigen detection, serum neutraliza-
tion and isolation of the virus by cell culture (14,57). At the 
Bernhard-Nocht-Institute for Tropical Medicine (Hamburg, 
Germany), scientists have experimented with certain test 
systems for the detection of infection with CCHFV. All the 
tests use ELISA for detecting pathogen‑specific immunoglob-
ulins (Ig); human IgM or IgG blood serum antibodies. Tests 
were based on specific monoclonal antibodies. The hybridoma 
cell lines were offered for co-development of diagnostic test 
systems using ELISA or other technology platforms (58). 
The patients of CCHF are viremic in 7-10 days of disease, 
and by the end of the first day, weak IgM becomes detectable 
followed by IgG (3). The viral antigen can also be visualized in 
formalin‑fixed tissues by immunohistochemical staining (59). 
The screening tests are available in the majority of diagnostic 
labs in Pakistan, including the Islamabad Diagnostic Center, 
Chughtais Lahore lab, Centre of Excellence in Molecular 
Biology, Lahore and Shoukat Khanum Memorial Cancer 
Hospital. Reliable and sensitive diagnostic tests, including 
ELISA and qPCR, provide an essential tool for viral detection 
and are helpful in minimizing the impact of infection.

10. Treatment

The treatment for CCHF viral infection mainly depends on 
the severity and symptoms of disease. Currently, there is no 
antiviral drug against CCHFV that is approved by the Food 
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and Drug Administration (60). However, ribavirin (Virazole) 
is the only antiviral drug used against CCHFV, which is only 
effective in certain cases (61). Despite the verified insufficient 
efficacy of ribavirin for CCHF patients by two systematic 
reviews and meta-analyses, the World Health Organization 
has approved antiviral ribavirin for treatment of CCHFV 
infection based on in vitro data (7,60,62,63). Ribavirin can be 
taken orally and intravenously. For effective results, ribavirin 
is used along with supportive therapy, such as interferons (16). 
In numerous in vitro studies, interferon type-I is shown to have 
antiviral activity, however, no clinical data is available on inter-
feron use (60,64). A recent study utilized modified vaccinia 
virus Ankara (attenuated poxvirus vector) to develop a recom-
binant vaccine that expresses glycoproteins of CCHFV in two 
mouse strains. A cellular and humoral immune response was 
confirmed against this vaccine, which protected the recipient 
model animals from developing the lethal disease (61). Studies 
were also conducted to determine the role of immunotherapy in 
the treatment of CCHF. A new immunoglobulin, Venin, which 
is specific to CCHFV, has been prepared from the plasma pool 
of boosted donors through ethanol-polyethylene glycol frac-
tionation and an ion-exchange purification step (65). However, 
in the case of CCHFV, the beneficial effects of immunotherapy 
are extremely limited (20,66).

11. Conclusion

CCHF is harmful in the sense that it does not have any specific 
treatment. The only way to avoid this widespread infection 
is prevention. In a developing country such as Pakistan, 
the disease poses more serious effects due to inadequate 
resources. Due to the risks of disease in Pakistan, cross-border 
surveillance needs to be strengthened. Reinforcing the control 
measures to prevent the transmission of the disease to new 
areas is necessary. The animal and health sectors, by taking 
solid steps, can contribute to reduce the spread of this disease 
across the country. Awareness campaigns regarding risk 
factors and control measures can aid in apprising the public of 
the ill effects of this virus.
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